Introduction
. Thus, mounting evidence corroborates the incidence of the DOHaD model, yet there is 97 a comparative dearth of detailed and supportive molecular mechanistic data that could underpin how 98 preimplantation stage embryos react and develop under conditions of nutrient deprivation. 99 100 Accordingly, we have examined our previously identified p38-MAPK inhibition induced defective PrE phenotypes, 101 themselves associated with reduced blastocyst cell number (Thamodaran and Bruce, 2016) , to ascertain if p38-102 MAPK not only regulates PrE differentiation per se, but also perform a dual regulative/homeostatic role in 103 mediating preimplantation mouse embryo/blastocyst development in response to limited amino acid (AA) 104 availability, as could be inferred from earlier studies (Kwong et al., 2000; Kwong et al., 2006; Sun et al., 105 2014; Fleming et al., 2015; Sun et al., 2015; Fleming et al., 2018) addressing DOHaD.
DAPI containing mounting medium VECTASHIELD® (Vector Laboratories, Inc. cat. # H-1200), placed on cover 146 slips and incubated at 4˚C for 30 minutes in the dark, prior to confocal imaging. Details of the primary and 147 secondary antibody combinations used can be found in the supplementary information (table S4) . Confocal images 148 were acquired using a FV10i Confocal Laser Scanning Microscope and FV10i-SW image acquisition software 149 (Olympus®) . Images were analysed using FV10-ASW 4.2 Viewer (Olympus®) and Imaris X64 Microscopy Image 150 Analysis Software (version 6.2.1; Bitplane AG (Oxford Instruments plc). Cells were counted manually and 151 automatically using Imaris X64.
152
Cell number quantification, statistics and graphical representation.
153
Total cell number counts (based on DAPI nuclei staining) were further sub categorised as EPI or PrE cells 154 based on detectable and exclusive NANOG and GATA4 (confocal images in figure 1 and graphs in figure 2, 4 and 155 5) or GATA6 (confocal images and graphs in figure 5) double immuno-staining, respectively. Cells not located 156 within blastocyst ICMs that also did not stain for either GATA4 and/or NANOG, were designated as outer/ TE 157 cells. Specifically relating to figure 5, ICM cells that were positively stained for both GATA6 and NANOG at E4.5 158 were designated as uncommitted in terms of cell fate. Initial recording and data accumulation was carried out using 
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Collected 2-cell stage embryos were cultured in KSOM until E3.5 (12:00) then moved to either KSOM 199 +DMSO or KSOM +SB220025 (pre-equilibrated for 3 hours prior) and cultured for another 6 hours (i.e. E3.75; 200 alternatively expressed as 18:00 hours on the same day) or to E4.25 (i.e. until 06:00 hours the next day). Thereafter 201 embryos were transferred to M2 media containing 5µM Invitrogen™ CellROX™ Green Reagent (a ROS specific 202 reporter dye; catalogue number: C10444), that had been pre-equilibrated in the dark at 37˚C for 30 minutes, and 203 incubated under the same conditions for 30 minutes before being washed through two drops of regular M2 media.
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Whereas E3.75 (n=2 per experimental group) embryos were immediately live mounted M2 drops and imaged under 205 the confocal microscope (FV10i, Olympus®, using appropriate preparatory CellROX™ Green filter settings), those 206 ROS stained embryos collected at E4.25 (KSOM +DMSO, n=14; KSOM +SB220025, n=15) were fixed in 4% 207 paraformaldehyde prior to confocal microscopic imaging. Confocal images are depicted as projections of 208 individual z-stack images using the FV10i-SW image acquisition software (Olympus®) rainbow spectral intensity 209 palette (from blue to white, representing lowest to highest signal intensities). All the images in each group (i.e.
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E3.75 and E4.25) were acquired at equal laser intensity and detector sensitivity. The number of ROX-positive/ 211 staining foci in the z-stack projections of individual embryos fixed at E4.25 were quantified using Image J 212 (http://rsbweb.nih.gov/ij/), by first subtracting background (using a rolling ball radius of 50 pixels) and invoking 213 the 'finding maxima tool' (prominence>5). The counted number of foci were statistically verified and graphically 214 depicted using GraphPad Prism 8; statistical test employed was an unpaired, two-tailed t-tests. Unless otherwise 215 stated within individual graphs as a specific P value (if statistically insignificant), the stated significance intervals 216 are depicted: P value < 0.0001 (****), 0.0001 to 0.001 (***), 0.001 to 0.01 (**) and 0.01 to 0.05 (*). The graphs 217 represent dot plot of total sample size together with mean and the standard deviation bars indicated.
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Phosphorylated/ activated p38-MAPK western blotting and quantification 220 Collected 2-cell stage embryos were cultured in either KSOM or KSOM+AA until E3.5 (12:00 hours) or 221 E3.75 (18.00 hours) and 20-40 embryos processed for western/immunoblotting per culture condition; briefly 222 embryos were washed through two drops of Dulbecco's PBS (Sigma-Aldrich; catalogue number: BSS-1005-B), samples 10 L of 10x SDS reducing agent/loading buffer (NuPAGE buffer, ThermoFisher Scientific, NP 0004, 225 ThermoFisher Scientific) was added and then boiled at 100 o C for 5 minutes. Loaded proteins were then 226 electrophoretically separated on gradient precast 4-12% SDS-PAGE gels (ThermoFisher Scientific, NP0323) and 227 transferred to Immobilon P membranes (Merck group, IVPD00010) using a semi-dry blotting system (Biometra/ 228 Analytik Jena) for 25 minutes at 5mA/ cm 2 . Blotted membranes were blocked in 5% skimmed milk powder 229 dissolved in 0.05% Tween-Tris pH 7.4 buffered saline (TTBS), for 1 hour, briefly rinsed in TTBS and then 230 incubated overnight at 4 o C overnight in 1% milk/TTBS containing primary antibody (against phosphorylated p38-231 MAPK). Membranes were washed in three changes of TTBS buffer (20 minutes each at room temperature) and 232 anti-immunoglobulin-species-specific-peroxidase conjugated secondary antibody added to the blot in 1% 233 milk/TTBS, for 1 hour (room temperature). Immuno-detected proteins were visualized by chemiluminescent 234 photographic film exposure (ECL kit; GE Life Sciences, RPN2232) and digitally scanned using a GS-800 235 calibrated densitometer (Bio-Rad Laboratories) and quantified using ImageJ (http://rsbweb.nih.gov/ij/). Antibody 236 stripped membrane blots were re-probed and quantified, for loading controls (detecting GADPH), in an identical 237 manner. Note, presented quantified data ( 
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AA starvation is closely linked to increased oxidative stress (Harding et al., 2003) , whereby induced anti-305 oxidant mechanisms, involving de novo protein expression, are impaired (Vucetic et al., 2017) . Additionally, 306 activated p38-MAPK (specifically p38) has been reported to orchestrate the induced/stabilised expression of 307 enzymatic antioxidants (Gutierrez-Uzquiza et al., 2012) . Therefore, given the morula to blastocyst transition in 308 mouse preimplantation development is accompanied by a large increase in glucose utilisation and oxygen 309 consumption (Brown and Whittingham, 1991; Leese, 2012) , with the potential to contribute elevated levels of 
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Indeed, increased/rescued total, outer and PrE cell numbers in NAC treated p38-MAPK inhibited embryos, in the 357 KSOM group, were only equivalent to those observed in the corresponding KSOM+AA conditions (Fig. 4) . This 358 suggests further, as yet unknown, p38-MAPK regulated mechanisms (unrelated to oxidative stress) must also 359 contribute to ensure appropriate numbers of total, outer (TE) and PrE cells during blastocyst maturation. However, the present data confirm the existence of at least a dual role of p38-MAPK during blastocyst maturation. Firstly, 361 that concerned with homeostatic regulation of AA availability and associated oxidative stress and secondly, that by 362 which p38-MAPK directly regulates PrE specification/ differentiation, as previously described (Thamodaran and   363 Bruce, 2016).
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It is noteworthy that a study employing cancer cell line models reports p38-MAPK as elevating glucose 365 uptake but shunting its metabolism away from glycolysis in favour of the pentose phosphate pathway to generate 366 increased levels of NADPH that are required to counteract reactive oxygen species (ROS) (Desideri et al., 2014) .
367
Thus, it is tempting to speculate a similar mechanism to counteract ROS, under depleted AA conditions, may also 368 be operative in the blastocyst. Interestingly, recently available preprint study data compellingly report the 369 importance of blastocyst cavity expansion for PrE specification (https://doi.org/10.1101/575282); given , 1997; Chazaud et al., 2006; Niakan et al., 2010) ). We previously 395 reported p38-MAPK inhibition during this developmental window significantly impairs PrE (GATA4+), but not 396 EPI (NANOG+), formation by retaining PrE progenitor cells in the uncommitted state (Thamodaran and Bruce, previous study (Thamodaran and Bruce, 2016) , the inhibition of p38-MAPK in blastocysts cultured in KSOM+AA was associated with increased numbers of uncommitted/ PrE progenitor ICM cells (co-expressing NANOG and 401 GATA6 -illustrated by an increase in the uncommitted cell:total ICM ratio- Fig. 5e') . However, NAC 402 supplementation resolved this uncommitted state to levels observed in corresponding DMSO treated controls 403 (reaching significance at 10mM NAC). These data suggest p38-MAPK inhibition in KSOM+AA media is 404 associated with levels of oxidative stress, that represent an impediment to PrE progenitor specification in the 405 blastocyst (i.e. a resolution of the uncommitted state by downregulating NANOG and maintaining GATA6 406 expression). Moreover, they invoke an endogenous anti-oxidant role for p38-MAPK that promotes PrE 407 specification, although crucially such a role is not alone sufficient to ensure full differentiation as marked by 408 GATA4 expression (discussed above - Fig. 4 kinase, in angiogenesis and chronic inflammatory disease models. J Pharmacol Exp Ther 284, mAtg9 and p38IP. EMBO J 29, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] 563 Wu, X.N., Wang, X.K., Wu, S.Q., Lu, J., Zheng, M., Wang, Y.H., Zhou, H., Zhang, H., and Han, J. (2011) . 
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Quantification of the contribution of GATA4 stained primitive endoderm cells as a ratio of the total inner cells 649 (NANOG and/or GATA4 stained cells) . Statistical test employed: Mann-Whitney test (GraphPad Prism 8). Unless 650 otherwise stated, within the graphs as a distinct P value (if statistically insignificant), the significance intervals are 651 as follows: P value < 0.0001 (****), 0.0001 to 0.001 (***), 0.001 to 0.01 (**) and 0.01 to 0.05 (*). Note, data 
